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Average Cleaning Cycles Per Day For a

y Filter Downstream of a Media Clarifier

W™ W g™
et u®
-'..'_-:"_-.:
ety
bt T g o
Y
i b =¥,
bt Tl Tl
"L L
et Toub ]
Ly Lo Loy
12 e
LR
s
TR
R
Y.
R
Ny
— R N, | E = TR
10 Eykyy
t-'.l‘.l‘
Fantant,
L
ST
t'.:;':;':
Agagfm
A
myu e
g
8 T
Mo Wy x B, .
bt Pt Tl =
S Incompressible
"Ll "
By A W
o l-w by
:-:.':::.E': U 3
L L E m% g ¥
A R
6 - — L e :
AR el — Mixed Media
B, e
afy u¥y Bexf X
S gEn Ny inn
¥ a® al ' L L
l".":'-i gt Em
POy Ry
I'-...l- i-..';‘l.’
L rhy e,
R :; ; E ;| S
“-‘* ' L'l
ol Tl T o Tl T
L L LTS
FrgRmgt e
= unn g
‘.l'.l"l -.'..}.
'Ll L 'Ll
Tl ot Pt Jof
Ly Ly
AL A
LEm e ¥, Bgtingtm
a i a® N i...l'.i
2 T ——— e L e A 1
.:h:..:' ;.':.::.‘:'I o = . = :
e N roea: LT
Ll RCIEE ] il o "agugte
mi_aV_x! al gl _ngu R L LY
ut Byt EOCROICSE B ol "yl o RaySalte
mE ml nt ThlaTe T Al g g LY
Ll IO B el T a1 s H
o] migwier T i...l:..l: .
il SRR e [ AL — .
IERERERCEE Sk 1" ol T o — JOICICITRE Tl 1" ol 1" L I,
0 IRBEIERLIE By T Jy " 1 e R NEAE RO -y Dy T ig—

15 NTU 30 NTU 180 NTU

FIG. 6



U.S. Patent Feb. 15, 2022 Sheet 7 of 9 US 11,247,918 B2

Net Average Percent Water Production
produced/(produced+wasted) x 100

100

S AR sesesnader
R \:"_ ™ {r . - -

. .:‘. :u. .:.1.'_ ;"_ l:* N

+
+
*

F | o+
H
z:

RS S P eaaarsiar
Tl e 3*\&:‘ 7 AR '

Wk AW ¥ L AR ALY

SR T o o Gy NI,

Mo R 35‘% S ficonxnns 3

'..'1.1.-'..1'1.-"*4*"\. b: .Mm Ii-ll-! TeFLTIL !!!!!!!!!!E
SINNNDY RARATST i NSRBI
RESCICIDIRTE oot ¥ SN R

AT ‘_;& @ ﬁ“l birhi0000e RN AR b

N e A s eaaetttad oL SRR e

REAR IR = e g St S AR IS A AT L rrer ey

R i e e R M &N ahﬁ-hﬁ it LU R LR S N .-.,-..t:-xh R(Z'k. ﬁ“ g B B B B B T oy, B BB B B B B B T e A B S B B B BB 2 L B A A,

RTEALTRTR a To sy Naag TP R it Aot A TN

T MUt e ST D K ——

NI SN . UG BRI et

SRRECRT T WY % ' - R N T T .

oAl MR — AT St s

Do RN e St MemMawMe  sestteotin

AT TR e : L T T o

LI OINTRe X RN TR sassessses

BEDCHDICHCIN. 7 ol ReNae®e  asssetesnts

Teiately Mg SO St b oty

AT 4 Bt i ﬁt% e s

S }-.‘ SN *i:-t{f:{ EEAARARRR

e VY Sl NNty seessises

?:}'Z::_-'. e e s My ";;ff T L : T gt "hqv" X ARARRAMAA

B Fow Ty _4-'.:‘11" ‘ﬁi-.- ! _ul;-:-l::.."ll W e L*ﬁ.i%!‘% -"'l oy
T W T T e .o IncomprQSSI e
::“ :'{'.:‘}11'*11‘{ ';':,ﬁi.'" :;ﬂ,l‘:ﬂ' ,-"fl : "‘i-ﬁ%-';* .' »
!;f‘-r_.!‘;'.i-"‘l-'"i ‘-.. x"' P Bl rv*** e

Pl L3 ;"" : - Tt T e : =, ~
PR O ST, R R i
L N L L T R '.j.?u"uﬂ‘ Ahamm g T T -'-:,-; 'ﬁ'* lﬂ'.‘, #W T L Y L S Amﬁd
2 1 0 " ; . ™ ™

-.""L‘-."‘“-.'.'..L; #_'u-_" L * BRa  acapemaanr j ,:_:"T: "'.‘;1'3:."‘-. 3 * ** ++ l ! =
R Y RN R RSN e » Compressible
Tl e o fﬁ.}l‘ﬂl‘. ’:hﬁ..f A .Hl' », 1"’* **. Joihialitiniinipdielnlie- L
AR Bdg gt L - T ) hd * *

BN W o e DYENEIE MRS o T g, S PR
RS A S S e RSN & 4 L SEERIARVIA
T PESR PRI S stosenel — s .

w lle"': _11“ B T, hﬂl‘ "1'4-'-1_"1- - - W ]
.'._*_--:.._-‘_,;;:# E: b, ‘;-‘:,a;.4_-.,a"‘,=~.: ?'.g.*#-gf-*fﬁ WA a— MlXEd Med‘a
:".l{“'_-%iz:;..‘-';.;’ l{‘_. - 'I :"“rt"_ﬂﬂ! ':1“1:1 » . ’h%i%%% """" .

N o Vi e TR MR

“:rﬂ_:-‘-::::"iﬁ %: L. .- . _- N A .. Fo -1'-';"‘-1:1'1'1"'1. ,-+ **+*I v '

S FEERRAT e ST ARt e

NS Paiaaty i Sl MRRASE e

RENSIE T LR eeuces RSN X 34l eceeccees
R }"}" %‘ﬁ R .:_r::'.v;:.‘vz:‘.r?_ Ly ‘%?‘% ‘;&. N
LS ..

‘u:'-‘r‘-x?-‘_‘.'- !>, '%ﬂ? 'J - e e ;‘5( .
WREARAAAASRARS T R “‘5'#?""‘%"‘* ;ﬂwmhﬁhﬁhhhhhﬁhﬁ' R :'m_“-r ,‘Z{Wﬁ. )éu
"+ N

=,

SR K B ootaeterr T X R

oAt SRR et bbb IO I FH RN

RN TR T e ST ORENER T e
‘a-"'_h,.-‘_\-%‘\ﬂlq.i &E%ﬁﬁ-{ LR e -“t-ﬂ;‘.—\_ A %‘h “ l'\i& -
% o koA o Iilllll”” 1-1.".‘1- t"'l-"'l- 3 -.“' illlill|illlli

I T reted ot R A G

oy M R, R ) e T e e ! ! l' '
SR WX e SR S, Sip R o , 4R
SN NS Ratal 'h"," “siiwipinieieleiotet Ty XX XAE antdiatems P AP ALy
RN St e T iy SN RN ®y il I ™ PR,
BRI KSR esetomese SN SRR sseeseeons S R et
‘u:..;h.:‘;*;-:l_-:&.l:‘ %‘i 'lirﬁ?':" W_- : iy -. t,hh_‘lh,i-‘\-\ti.“ o {:&Mﬁi% m .1“':‘#;'..?‘.?"‘?.:' g&t&:ﬁé w iy
TS SN i’!k'{;"iﬁt A Rt R %ﬁiﬁi m. sosnsensee Nt %&%ﬁ%‘ﬂt; P
LS L i LA TR ¥ T S LN o NN e, S I I S~ T Y
B S i D R e "*H{‘!#H B—— Tl T e
el SRR e SECTN SR R asassassss el SWERLY come
RO fi‘"&ﬁ: ey SR N M e *Q&t‘gi AN i
£ T T L P ™ H a:'.\_"'..'_'.i__ R v R 1_'|-|. i A 3 * -

ORI & o s St izt T IR 2k 25, el e RN it |

e T L '-fW-."ﬁ‘i'q-"ﬁ'i:;\‘?“‘mﬂﬁ*&?ﬁiﬂiﬂﬂiﬁi{ﬁiﬂﬁ-x_-;-._'-._ R ! ! :LIH::-“i -,,:: -,-i T ,% tk hﬁwt#ﬂ‘ﬂn‘n
. W K W R Wl ne AR TR T 1 ! )
L u ﬂ‘:{?‘i‘aﬂi"f‘.{- AP, T ?i‘ *g**i? e LR TR }‘Q\a b2 é Wi
S RN deonenin ST R M. O A
JECCTIE 2 0 e N ,,";* oo e DRI %ﬁgii NN
‘-._""_._."‘.r a J":.** HEMERNC oo T oyt AR, N
SRSINCII o b, SRR, AN s ’*#";#; TR AR M’*‘f;g pereiTrTRe:
St RN seeon P e i e e AR aneeneome
T Em;rqht# b STyt TR e ——— N o D & N
e AN Jereseaec Hrons BBt seeeeseen IR '*-”’%g:f’-h?ﬁ ‘Wimivivininivini
R BT seseeaane IR AR A A e rresned NNy XIS eesesscete
S ‘11.**. S SN A, ;’1»1;_ ﬂ;.qh el el ARV TN '1"531:4‘#.. H;_ inmin
T Tt Salfathe dossecessec At T Bt uhaotneoste. iy WAL saasbasns
RN ‘*1-“‘%‘ MR, NS AR wesnrereer NNl AR e
f.:':-:':-:":"i?:. N ::g‘i-; A, STt *:. & t'!? NN IR ﬁmﬁh‘%?&; ANt
N A S el N e T adsannag. VNN WSS i
i“":l':t::"';‘b *r: e * 3!"'!'!!!"!{ tl:*":i"'l_u'l::.ul:- 'g*' *#'**' b i g 1:":"*":‘:*‘ f*’g***‘é :l!l!!! :
R R L o S S Settet i weseemer T YRAILAS e
e e b, o ol 2 e bl el mmhﬂ*ﬁﬁh“‘ﬂh‘?@ﬁlih Mﬁ*ﬁmﬁ%ﬁﬁimmmmﬂvﬂ

15 NTU 30 NTU 180 NTU

FIG. 7



US 11,247,918 B2

Sheet 8 of 9

Feb. 15, 2022

U.S. Patent

g Dld
(so1nuijA]) swi] uny
007 0S¢ 00¢ 06¢ 00 0G1 001 0§
|EAOWISY % NLN AlIpiqan)}
eIP3IA 9]qISSa.dWOIU| = pa3j} (un AMpigin] dsupowolRydaN)
IEAOWIRY % NLN elpaN-lenq —— LN 0Z 01 0T U0 pPosSeq Ejep |[ENPY

lRylie|) eipajAl e ul AJipigin] JO [EAOWDY U194

0¢

Ov

09

08

001

|eAOWIDY
U249



US 11,247,918 B2

Sheet 9 of 9

Feb. 15, 2022

U.S. Patent

1001

Or "9OiId

0C01
JO1INO A UrY) JOYI0 SUTUddo ue ysnoay)

Aemagdessed aU) 11X9 SPIJOS PASPOISIP

AU 1Y) YyOons paq vIpaw d) ysnoiy)
duissed 101eM JO MO B 10211PA1 0] J1e3
d)seM © JO 1o1isod e 1918 0] WSTUBYIIW
[OIIUOD UOLAIP ping e Sunerdd(

0101
Poq eIpow
dY) Aq parmded SpIjos ISPOISIP 01 Paq

BIPOW o) de)ide 0) Aemagessed oy) ojur
1918 M 103Ul 0] WISIURYIDW [ONUOD PIng ©
JO/pue Aemagessed o) ojul sesd oY) 109l

0] WSTUBYIAW JOJUO0D SB3 B sunerdd(

6 Old

0€6
d1e1S

gurued]d ' ur Aemodgdessed oy
OJuI Pajdalur 9q 01 SB3 asned
0) WISTUBYIIW [OJJUOD SB3

ouy Sumnerado Jo/pue Furuddo
IoJeMIISEM B 0] JO[UI dU] WO
Aemagessed o) ysnoiy) MO[
0] JOJeAA ISNEBD O} WSTURYIOW
[011U09 ping ay) Sunerdd(

0C6

J)els

[euoneIddo-uou e Ul 12[IN0 2)
0] JOJUI dY) woJJ Aemogdessed
dY) YySnoayy Moy 0}

10U IO1BM ISNIEBI 0} WISTUBYIIW
[O1U0d pIng ay) sunerad

016
d1e)s Teuonerddo ue

Ul 1910 dY] 0} J9[UI Y} WO
Aemoagessed d1]) ysnoay) Moy
0] JO)eM ISNED 0} WISIUBYIIUI

[onuod ping e gunerado




US 11,247,918 B2

1

MULTI-MEDIA CLARIFICATION SYSTEMS
AND METHODS

RELATED APPLICATIONS

This application claims priority to and 1s a continuation
application of U.S. application Ser. No. 15/836,628, which
was liled on 8 Dec. 2017 and 1s enftitled “MULTI-MEDIA
CLARIFICATION SYSTEMS AND METHODS,” which 1s

hereby expressly incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to an apparatus and method
for filtering fluids. More specifically, 1t relates to media
clarnfiers.

BACKGROUND

Media clarifiers use media to capture particulate matter
from a water or wastewater stream. Media, which adsorbs
particulate matter, helps remove solids at a faster rate than
traditional clarifiers, which do not use media. Consequently,
media clarifiers can handle larger flows and consume less
space than a traditional clanfier. Accordingly, increasing the
performance of the media employed in a media clarifier 1s
desirable.

SUMMARY

Embodiments of the disclosed subject matter are provided
below for illustrative purposes and are 1n no way limiting of
the claimed subject matter.

A media clarifier may comprise a vessel defining a
passageway for water. The vessel may comprise an inlet for
the passageway, an outlet for the passageway, and a screen
intermediate the inlet and the outlet that 1s disposed within
and spans the passageway. The vessel may place the mlet 1n
fluidd communication with the screen and the outlet. When
the media clarifier 1s 1n an 1nstalled configuration, the outlet
may be situated above the inlet. The media bed may be
disposed within the passageway intermediate the inlet and
the screen. The media bed may comprise both compressible
media and incompressible media.

Those skilled in the art will further appreciate that 1n other
embodiments, the present invention 1s adapted for use with
a variety of fluid and filtering applications.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention will become appar-
ent from the following description and appended claims,
taken 1 conjunction with the accompanying drawings.
Understanding that these drawings depict only examples of
the invention thereof and are, therefore, not to be considered
limiting of the invention’s scope, particular embodiments
will be described with additional specificity and detail
through use of the accompanying drawings 1n which:

FIG. 1 1s a side elevation, cross-sectional view of one
embodiment of a media clarifier during normal operation.

FIG. 2 1s a side elevation, cross-sectional view of one
embodiment of a media clarifier during a cleaning cycle.

FIG. 3 1s an enlarged view of one embodiment of a media
bed.

FIG. 4 1s a photograph of a mixture of mmcompressible
media interacting with compressible media.
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FIG. 5 1s a side elevation, cross-sectional view of one
embodiment of a media clarifier with media 1n a stratified

state.

FIG. 6 1s a bar graph showing that fewer cleaning cycles
are needed for a filter downstream of a media clarifier when
both compressible and incompressible media are used rather
than a single type of media 1n the media clarifier.

FIG. 7 1s a bar graph showing that less water, on average,
1s wasted when both compressible and incompressible media
are used rather than a single type of media.

FIG. 8 1s a line chart showing increased etliciency when
both compressible and incompressible media are used rather
than a single type of media based on two sample runs.

FIG. 9 1s a flow diagram illustrating one embodiment of
a method for utilizing a media clanfier.

FIG. 10 15 a flow diagram 1llustrating one embodiment of
a method for cleaning a media clarifier.

In accordance with common practice, the various features
illustrated 1n the drawings may not be drawn to scale.
Accordingly, the dimensions of the various features may be
arbitrarily expanded or reduced for clarity. In addition, some
of the drawings may be simplified for clarity. Thus, the
drawings may not depict all of the components of a given
apparatus (e.g., device) or method. Finally, like reference
numerals may be used to denote like features throughout the
specification and figures.

DETAILED DESCRIPTION

Various aspects of the disclosure are described below. It
should be apparent that the teachings herein may be embod-
ied 1n a wide variety of forms and that any specific structure,
function, or both being disclosed herein 1s merely represen-
tative. Based on the teachings herein, one skilled 1n the art
should appreciate that an aspect disclosed herein may be
implemented independently of any other aspects and that
two or more of these aspects may be combined in various
ways, even 1f that combination i1s not shown or disclosed in
the same figure or portion of the disclosure. Further, the
disclosed apparatuses and methods may be practiced using
structures or functionality in addition to disclosed subject
matter based on information known to one of skill 1n the art.

The term “an embodiment,” “an alternative embodiment”
or “one embodiment” may refer to various configurations or
embodiments of the disclosed apparatuses, systems, or
methods 1n the singular or plural form, rather than referring
to a single, particular embodiment.

In the figures, certain components may appear many times
within a particular drawing. However, only certain instances
of the component may be identified 1n the figures to avoid an
unnecessary repetition of reference numbers and lead lines.
According to the context provided 1n the description while
referring to the figures, reference may be made to a specific
one of that particular component or multiple instances, even
if the specifically referenced instance or instances of the
component are not 1identified by a reference number and lead
line 1n the figure(s).

Media clarifiers may also be referred to as media clarifi-
cation systems, filter systems, media filters, upward filters,
or any combination of these terms. Media clanfiers may, 1n
various embodiments, rely in whole or 1n part on principles
ol adsorption. Particulate matter can be filtered from a water
stream as 1t passes through a treatment column containing
adsorbent media. Media may be comprised of many mem-
bers, such as beads, sand, or synthetic fibers; the word
“media” refers to both a singular and plural number of these
members. The system may be used in various water appli-
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cations, such as drinking water or wastewater treatment. The
water stream provided to the system may be pressurized,
using, for example, a pump or gravity. Particulate matter
may include dirt, sand, minerals, biological material, and/or
other types of material, and may also include flocculated
particles comprising chemicals such as flocculants and/or
coagulants.

One type of media used 1n a media filter 1s 1ncompress-
ible. Incompressible media does not flex or deform under
pressures typically encountered in water filtration systems
(e.g., pressures generated in 5 to 150 inches of water). In
various embodiments of the invention, incompressible
media comprises small beads, which may be as small as 1
millimeter. The beads may be made of high-density poly-
cthylene (HDPE) or other natural or synthetic matenals.
Other examples of incompressible media include other plas-
tics, such as Acrylonitrile Butadiene Styrene (ABS), low-
density polyethylene (LDPE), or natural materials, such as
charcoal or wood. Incompressible media may adsorb par-
ticulate matter on the media surface and within interstitial
space between adjacent media beads. The surface of incom-
pressible media may comprise a disturbed surface, such as
by scarification, sanding, or other roughening applications,
which makes the incompressible media more adsorbent.

Media may also be compressible. One example of com-
pressible media utilizes bundles of elongated plastic fibers.
The bundles of elongated plastic fibers may be tightly bound
with a clip, ring, staple, crimp, or clamp at the center and fan
out at the ends. These bundles, when bound, may be
spherical 1n shape. In various embodiments, the fibers may
be made from a combination of polypropylene and polyeth-
ylene terephthalate and may be approximately three (3)
inches 1n length. In such embodiments, when the fibers are
crimped or clamped together, each fibrous ball may have a
diameter of approximately 1.5 to 2 inches. In various
embodiments of the invention, compressible media may flex
or change size or shape under pressure. Thus, the compress-
ible media may be more flexible than the mcompressible
media measured, for example, using the flexural modulus,
which 1indicates a tendency to bend rather than break.
Compressible media may capture particulate matter by any
combination of adsorption on 1ts surface or in 1ts fibers,
capture within the interstitial spaces between media, or
capture by the compression and/or flexion of the media’s
shape.

The media bed may be comprised, in various embodi-
ments, of suflicient media to span the cross-sectional area of
the water column along a horizontal dimension

The media bed may also be thick enough to allow the
water to flow over enough media surface area to capture a
suflicient quantity of particulate matter to make the filter
usetul, which in various embodiments, may be at least six
(6) inches 1n depth. If more than one type of media 1s used
in the media bed, each type of media may be suflicient 1n
number to span the cross-sectional area of the water column
along a horizontal dimension of a certain depth (e.g., at least
three (3) inches deep) without the other type of media.
Alternatively, a combination of the types of media may be
ol a certain depth.

Media, whether compressible or incompressible, 1n vari-
ous embodiments, may have a specific gravity of less than
1. However, various factors such as the specific gravity of
the fluid, the quantity and mass of solids 1n the flmid, and the
speed of the fluid may allow use of media that has a specific
gravity ol 1 or greater to rise to the filter bed.

Compressible media can typically hold more particulate
matter than incompressible media but generally cannot
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capture finer particles while it 1s uncompressed. For this
reason, some compressible media filters employ a system to
compress the media. However, while the media 1s com-
pressed, it cannot adsorb as much particulate matter as 1t can
in an uncompressed state. The disclosed subject matter
combines the two types of media, resulting 1n an unexpected
synergistic eflect. Compressible media may be used to
capture larger particles, while incompressible media cap-
tures smaller particles. The combination of the two types of
media causes the system to capture more particles. It also
removes a higher percentage of particulate matter than either
type of media can by 1tself. Additionally, 1t allows the filter
to operate without a compression system.

In various embodiments, the size of the compressible
media may be much larger than the incompressible media
(e.g., five (5) to twenty (20) times larger). In various
alternative embodiments, compressible and incompressible
media may be more similar 1n size (i.e., compressible media
may be less than five (5) times larger). Reterring to FIG. 1,
one embodiment of a media clarifier 101 1s illustrated. In the
illustrated embodiment, the media clarifier 101 may com-
prise a vessel 102 defining a passageway 104 for water 117
with an ilet 106, and an outlet 108. The outlet 108 may also
be referred to as the effluent outlet 108. The media clarifier
101 may further comprise a screen 110 intermediate the inlet
106 and the outlet 108. The screen 110 may span the
passageway 104. The outlet 108 may be a collection trough,
pipe, or other mechamism for receiving effluent water 117.
The vessel 102 may place the inlet 106 1n fluid communi-
cation with the screen 110 and the outlet 108. In the installed
configuration, as illustrated in FIG. 1, the outlet 108 may be
situated above the inlet 106.

In the nstalled configuration, the media clarifier 101 may
include a vertical dimension 1154a, a horizontal dimension
11554, and a transverse dimension 115¢, as i1llustrated on the
dimensional guide 115. In this application, the term “above”
indicates a higher elevation along a vertical dimension 115a4.
In contrast, the term “directly above” signifies that a first
clement 1s located at a higher elevation along a vertical
dimension 115a relative to a second element with the first
clement and the second element at least overlapping along a
horizontal dimension 11556. As a result, 1n various embodi-
ments, the outlet 108 may or may not be directly above the
inlet 106, but the outlet 108 may simply be above (1.¢., at a
higher elevation along a vertical dimension 115a). Influent
water 117 enters the media clarifier 101 through an inlet 106,
which may be controlled by a fluid control mechanism 113
(e.g., a pump or valve). The water 117 may then pass
through a distribution header 103 (sometimes referred to as
a water distribution header 103) and enter 1nto the passage-
way 104, which may, in various embodiments, also be
referred to or comprise a treatment column. Water 117 flows
upward through the media bed 105, which may comprise
both compressible media 109 and incompressible media
107. In various embodiments, the media bed 105 may
comprise and/or be referred to as a filter bed 105. Solids,
such as particulate matter, 1n the influent stream of water 117
may be separated from the stream of water 117 by adsorption
on to the media surfaces, by capture using the filamentous
fibers or other compressible bodies, and by capture within
the interstitial spaces between the media 107, 109. The
media bed 105 may be retained within the system by the
screen 110, which may be described as a hold-down screen
system 110 or a retention screen 110. Clanified water 117
passes through the retention screen 110 and exits via the
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outlet 108 (which may be located above the hold-down
screen system 110) and then flows out of the media clarnfier
101.

One or more of the types of media 1 the media bed 105
may, in certain embodiments, be buoyant. In various alter-
native embodiments, one or more of the types of media in
the media bed 105 may be non-buoyant (such that non-
buoyant media resides at the bottom of the vessel 102 when
the media clarifier 101 1s not 1n use), but may be propelled
upward in response to the flow of water 117 through the
vessel 102.

In various embodiments of the invention, as solids are
captured, a differential pressure develops across the media
bed 105. As the differential pressure increases, the com-
pressible media 109 1s compressed, which 1n turn tightens
the interstitial spaces to retain the particulate matter. As the
developing differential pressure nears the maximum allow-
able pressure (e.g., a predetermined differential pressure),
the media clarifier 101 may be transitioned to a cleaming
cycle to remove the captured particulate matter. In various
embodiments, the diflerential pressure i1s regulated by con-
stricting or expanding the volume of the media bed 105. Thus
can be done with a mechanical wall, a flexible housing
controlled by hydrostatic pressure, or other mechanisms that
can alter the volume of the media bed 105 (not 1llustrated 1n
FIG. 1). In certain embodiments, the predetermined difler-
ential pressure may be ascertained using a first and second
pressure sensor 131a-b. The first pressure sensor 131a may
be disposed within the passageway 104 downstream of or
within the media bed 105, while a second pressure sensor
1316 may be disposed within the passageway 104 upstream
of or within the media bed 105, as illustrated 1n FIG. 1. In
various alternative embodiments, only the pressure sensor
13156 upstream relative to the media bed 105 1s used 1n the
media clarifier 101 based on the assumption that the pressure
downstream of the media bed 105 will remain constant or at
least relatively constant.

In various embodiments of the invention, a bottom screen
positioned intermediate the inlet and the retention screen
(not illustrated 1n FIG. 1) serves as a lower boundary for the
media bed.

Referring to FIG. 2, one embodiment of the present
invention 1s 1llustrated 1n a cleaning cycle. In the nstalled
configuration (as shown in FIG. 2), the media clarifier 101
may include a vertical dimension 1154, a horizontal dimen-
sion 11554, and a transverse dimension 115¢, as illustrated on
the dimensional guide 115. In the illustrated embodiment,
the media clarifier 101 may be transitioned to a cleaming
cycle using, 1n part, a flow direction control mechanism 121
(e.g., an actuating cylinder 121), which may, 1n various
embodiments, raise a waste gate to allow the waste stream
to exit the treatment vessel 102 through a wastewater
opening 112 (an opening other than the outlet 108). In
various embodiments, a lower edge or lip of the wastewater
opening 112 1s lower (along a vertical dimension 115a) than
the lower edge or lip of the outlet 108. Accordingly, acti-
vating a fluid direction control mechanism 121 may simply
allow water 117 passing through the media bed 105 to exit
through the wastewater opening 112 before 1t reaches the
lower lip or edge of the outlet 108. Those skilled 1n the art
will appreciate that various types of tlow direction control
mechanisms 121 may be employed. In various alternative
embodiments, for example, the flow direction control
mechanism 121 may comprise a pair ol independently
controlled gates or valves.

In addition, in the cleaming cycle, a gas 123 (e.g., air) may
be itroduced by operating a gas control mechamsm 130
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(e.g., by opening a valve or activating a pump). The intro-
duced gas 123 may flow through a distribution header 132
(sometimes referred to as a gas distribution header 132). In
various embodiments, the gas control mechanism 130 and
distribution header 132 may be referred to collectively as a
gas or air injection mechanism assembly. In various embodi-
ments, the bulk density of the combined gas 123 and water
117 1s less than the bulk density of the compressible media
109 and/or the mcompressible media 107 (because of the
introduction of the gas 123) causing all or a portion of the
media bed 1035 to sink (not illustrated in FI1G. 2). This action
expands the media bed 1035 to allow release of the captured
particulate matter. The introduced gas 123 also causes
collisions between the media 107, 109 to dislodge particu-
late matter that has adhered to the media surface. In various
embodiments, the introduction of the gas 123 into the water
117, which causes the media bed 105 to sink and assist with
the release of captured particulate matter, may be referred to
as fluidization. The water 117 may thus pass through the
fluid control mechanism 113 and distribution header 103 and
travel 1n an upward direction through the media bed 105 to
carry the released particulate matter away from the media
clanifier 101. After a period of time, if the gas control
mechanism 130 comprises a valve, the gas control mecha-
nism 130 may be closed, or, i1f the gas control mechanism
130 comprises a pump, the pump may be deactivated. Water
117 may continue to pass through the vessel 102 to remove
the remaining particulate matter and to assist in restoring the
media bed 105 to earlier levels. The actuating cylinder 121
may be activated to close the waste gate 120 to terminate the
cleaning cycle.

FIG. 3 comprises an enlarged view of one embodiment of
a media bed 105. In the 1llustrated embodiment, incompress-
ible media 107 1s mixed with compressible media 109 to
create additional interstitial gaps with which to capture
solids 341 (which comprise one type of particulate matter).
In various embodiments, a portion of the incompressible
media 107 has a scarified surface to aid with adsorption. The
incompressible media 107 that has a scarified surface may
be referred to as scarified incompressible media 107a.

FIG. 4 1s a close-up photograph of compressible media
109 and incompressible media 107 disposed in water 117.

FI1G. 5 1llustrates one embodiment of media 107, 109 in a
stratified state within a media clarifier 101. In the nstalled
configuration (as shown 1n FIG. 5), the media clarifier 101
may include a vertical dimension 1154, a horizontal dimen-
sion 11554, and a transverse dimension 115¢, as illustrated on
the dimensional guide 115. During a cleaning cycle and prior
to returning the media clanfier 101 to an operational state,
as 1llustrated 1n FIG. 5, a layer of incompressible media 107
may remain on top of a layer of compressible media 109. It
should be noted that the media clarifier 101 may have: an
operational state, in which water 117 flows through the
vessel 102 and the clarifier 1s operated to remove particulate
matter from the influent stream of water 117; a non-opera-
tional state, in which no or little water 117 tflows through the
media clarifier 101; and a cleaming state, in which the media
clanifier 101 1s operated to dislodge particulate matter from
the media 107, 109 and flush the dislodged particulate matter
from the media clarifier 101.

In various embodiments, a layer of compressible media
109 may remain above a layer of incompressible media 107
(1.e., the media bed 105 1s 1n a stratified state). This can be
done by manipulating the media with streams of gas 123
and/or water 117. As illustrated 1n FIG. 3, the incompressible
media 107 and compressible media 109 (which, 1n certain
embodiments, may also be referred to as fibrous balls 109)
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may be stratified into discrete regions. For example, before
a final flush-to-waste step (which comprises a part of the

cleaning cycle), the mcompressible media 107 and com-
pressible media 109 may be stratified by adjusting the gas
123 and water 117 to segregate and stack one type of media
on top of the other. One example of such an adjustment 1s
increasing the water rate and altering the gas flow rate
according to the sequence identified 1n Table 1, which 1s
provided below:

TABLE 1
Stratification Gas (e.g., Air) Water Time
Steps scfm/ft? opm/ft seconds
1 0 0 60
2 <1 5 60
3 0 12.5 60
4 3 12.5 60

One skilled 1n the art will understand that the foregoing
constitutes only one embodiment of a method for achieving
media 1n a stratified state. Other approaches including vary-
ing the gas flow rate, the water tlow rate, or the amount of
time may be utilized to stratily the media.

FIG. 6 1s a bar graph illustrating the average number of
cleaning cycles per day for a filter (a “downstream filter”)
situated downstream of a media clanfier. The decreased
number of cleaning cycles for the downstream filter 1ndi-
cates that a media clarifier with incompressible and com-
pressible media 107, 109 provides improved removal of
particulate matter. Because the media clarnifier 1s capturing
more particulate matter, additional cleaning cycles are or
may be required for the media clarifier. The vertical axis of
FIG. 6 1dentifies the average number of cleaning cycles per
day for the downstream filter, while the horizontal axis
identifies the quantity of particulate matter within the stream
of water 117 received by the media clarifier, measured 1n
NTU (Nephelometric Turbidity Units). A higher NTU value
indicates a higher quantity of particulate matter within the
incoming stream. FIG. 6 shows that a downstream f{ilter
following a media clarifier with both types of media will
have fewer cleaning cycles per day compared to a down-
stream {ilter following a media clarifier with only one type
ol media.

FIG. 7 1s a bar graph illustrating net average percent water
production. The vertical axis of FIG. 7 identifies the net
average percent of water produced, which may be defined 1n
accordance with Equation 1.

[Net Average Percent Water Production| = Equation 1

|Average Total Water Produced]

100
|Average Total Water Produced] + 8

| Average Total Water Wasted]

A higher number 1ndicates that less water 117 1s wasted.
The horizontal axis identifies the quantity of particulate
matter within the incoming stream of water 117, measured
in NTU. FIG. 7 shows that a media clarifier with both types
of media wastes less water 117 than a media clarifier with
only one type of media.

FIG. 8 1s a line graph illustrating the percentage of
particulate matter removed by two sample runs. The vertical
axis ol FIG. 8 identifies the percentage of particulate matter
removed, measured in NTU, while the horizontal axis rep-
resents runtime 1 minutes. The line graph of FIG. 8 1indi-
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cates that a media clarifier with both types of media removes
a higher percentage of NTU than a media clarifier using only
incompressible media.

FIG. 9 1s a flowchart illustrating one embodiment of a
method 901 for utilizing a media clarifier. Step 910 1nvolves
operating a fluid control mechanism 113 to cause water 117
to flow through the passageway 104 from the 1nlet 106 to the
outlet 108 in an operational state. As utilized herein, the
water 117 may include particulate matter at least during a
portion of the time 1n which the water 117 1s moving through
the passageway 104. The flmid control mechanism 113 may
comprise one or more of various types of valves or pumps.
Accordingly, 1n various embodiments, a valve may control
the flow of water 117 into the passageway 104 with the water
117 being propelled, for example, by the force of gravity or
by a pump. Thus, 1n various embodiments, opening a valve
may cause water 117 to flow through the passageway 104,
while closing the valve may terminate the flow of water 117
through the passageway 104. If a pump 1s utilized as a fluid
control mechanism 113, activating the pump will cause
water 117 to flow through the passageway 104, while
deactivating the pump will result in water 117 not tlowing
through the passageway 104.

In step 920, in a non-operational state, the fluid control
mechanism 113 1s operated to cause water 117 not to flow
through the passageway 104 from the inlet 106 to the outlet
108. In various embodiments, step 920 may involve closing,
a valve and/or deactivating a pump.

In step 930, in a cleaning state, the tluid control mecha-
nism 113 may be operated to cause water 117 to flow
through the passageway 104 from the inlet 106 to a waste-
water opening 112 and/or operating a gas control mechanism
130 to cause gas 123 to be mjected 1into the passageway 104.
The cleaning state of step 930 may encompass a series of
stages, as discussed in connection with Table 1, or a single
stage. Step 930 may also comprise inducing the media bed
105 to transition into a flmdized state and/or stratified state,
as discussed above. Additional detail regarding the cleaning
state will be provided in connection with FIG. 10. It should
be noted that steps 910, 920, 930 may be performed n any
order, not necessarily in the order illustrated in FIG. 9.

FIG. 10 1s a flowchart illustrating one embodiment of a
method 1001 for cleaning a media clarifier. In step 1010, a
gas control mechanism 130 1s operated to 1nject gas 123 nto
a passageway 104 and/or a flmd control mechamsm 113 1s
operated to iject water 117 into the passageway 104 to
agitate the media bed 105 to dislodge solids captured by the
media bed 105. As noted above, this step 1010 may mvolve
a single or a plurality of stages (see, e.g., Table 1) and may
involve transitioning the media bed 105 mto a fluidized
and/or a stratified state.

In step 1020, a fluid direction control mechanism 121 may
be operated to redirect a flow of water 117 passing through
the media bed 105, such that dislodged solids exit the
passageway 104 through one or more openings (e.g., a
wastewater opening 112) other than the outlet 108. As noted
above, various types of fluid direction control mechanisms
121 may be employed, such as an actuating arm coupled to
a waste gate, and/or a plurality of valves or gates. As noted
above, 1 various embodiments, the lower edge or lip of the
wastewater opening 112 may be lower than a lower edge or
lip of the outlet 108. Accordingly, 1n such embodiments,
merely allowing the water 117 to access the wastewater
opening 112 causes water 117 to flow through the waste-
water opening 112 before reaching the outlet 108.

It 1s understood that any specific order or hierarchy of
steps 1n any disclosed process 1s an example of an approach.




US 11,247,918 B2

9

Based upon design preferences, it 1s understood that the
specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present
disclosure. The accompanying method claims present ele-
ments of the various steps 1 a sample order, and are not
meant to be limited to the specific order or hierarchy
presented.
The previous description of the disclosed aspects 1s pro-
vided to enable any person skilled 1in the art to make or use
the present disclosure. Various modifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to
other aspects without departing from the scope of the
disclosure. Thus, the present disclosure 1s not intended to be
limited to the aspects shown herein but 1s to be accorded the
widest scope consistent with the principles and novel fea-
tures disclosed.
What 1s claimed 1s:
1. A method of operating a media clarifier during a
cleaning cycle, said media clarifier comprising:
a vessel defining an interior;
a retention screen disposed within and spanning said
interior, wherein said retention screen divides said
interior mto a first portion and a second portion,
wherein at least a portion of said second portion 1s
above said first portion along a vertical dimension of
said media clarifier;
an 1nlet for introducing water 1nto said first portion of said
interior;
a water distribution header disposed 1n said first portion of
said interior for recerving said water from said inlet;
an outlet for conveying said water out of said vessel,
wherein said retention screen 1s disposed downstream
of said inlet and upstream of said outlet;
a gas distribution header disposed 1n said first portion of
said 1nterior for introduction of gas into said first
portion;
a media bed disposed within said interior and downstream
of said inlet, said media bed comprising both com-
pressible media and mncompressible media;
a fluid control mechanism for controlling introduction of
said water via said water distribution header into said
first portion;
a gas control mechanism for controlling said introduction
of said gas via said gas distribution header 1nto said first
portion; and
a fluid direction control mechanism for directing said
water, downstream of said retention screen, either
through said outlet or through a wastewater opening,
wherein said method comprises:
during a step of said cleaning cycle, operating said fluid
control mechanism to introduce none of said water
into said first portion, and operating said gas control
mechanism to introduce none of said gas into said
first portion;

during an ensuing step of said cleaning cycle, operating
said fluid control mechanism to introduce said water
at a first water flow rate into said first portion, and
operating said gas control mechanism to introduce
said gas at a {irst gas flow rate into said {irst portion,
said ensuing step being subsequent 1 time with
respect to said step;

during a following step of said cleaning cycle, operat-
ing said fluid control mechanism to introduce said
water at a second water flow rate into said {first
portion, said second water tlow rate being greater
than said first water tlow rate, and operating said gas
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control mechanism to mtroduce none of said gas mnto
said first portion, said following step being subse-
quent 1n time with respect to said ensuing step;

during a subsequent step of said cleaning cycle, oper-
ating said gas control mechanism to introduce said
gas at a second gas flow rate 1nto said first portion,
said second gas flow rate being greater than said first
gas tlow rate, such that during at least a portion of
said cleaning cycle, said incompressible media and
said compressible media are stratified 1nto discrete
regions 1n that a layer of said incompressible media
1s disposed above a layer of said compressible media
along said vertical dimension, said subsequent step
being subsequent in time with respect to said fol-
lowing step.

2. The method of claam 1, wherein said compressible
media 1s more tlexible than said incompressible media.

3. The method of claim 2, wherein a size ratio of indi-
vidual compressible media units 1n a dry state of said
compressible media to individual immcompressible media
units 1n a dry state of said incompressible media 1s greater
than 4 to 1.

4. The method of claim 1, wherein a specific gravity of
said 1mcompressible media 1s less than 1, and a specific
gravity of said compressible media 1s 1 or greater.

5. The method of claim 4, wherein said specific gravity of
said compressible media and said specific gravity of said
incompressible media are diflerent by at least 0.02.

6. The method of claim 5, wherein said specific gravities
of said incompressible media and said compressible media
are less than one.

7. The method of claim 6, wherein at least a portion of
said incompressible media has at least one roughened sur-
face.

8. The method of claim 7, wherein said gas control
mechanism comprises a valve.

9. The method of claim 8, wherein during at least a
portion of said cleaning cycle, a bulk density of a combi-
nation of said water and said gas injected 1nto said water 1s
less than a bulk density of at least a portion of said media
bed.

10. The method of claim 9, wherein said media bed 1s at
least six inches 1n depth along said vertical dimension when
said media clarifier 1s 1n an operational state.

11. The method of claim 1, wherein said first gas flow rate
1s less than 1 standard cubic foot per minute per square foot
of surface area (scfm/ft*).

12. The method of claim 11, wherein said first water flow
rate 1s 5 gallons per minute per square foot of surface area
(gpm/ft®).

13. The method of claim 12, wherein said second water
flow rate 1s 12.5 gallons per minute per square foot of
surface area (gpm/{t*).

14. A method of operating a media clarifier during a
cleaning cycle, said media clarifier comprising:

a vessel defining an interior;

a retention screen disposed within and spanning said
interior, wherein said retention screen divides said
interior into a first portion and a second portion,
wherein at least a portion of said second portion 1s
above said {first portion along a vertical dimension of
sald media clarifier:

an 1nlet for introducing water 1nto said first portion of said
interior;

a water distribution header disposed 1n said first portion of
said interior for receiving said water from said inlet;
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an outlet for conveying said water out of said vessel,
wherein said retention screen 1s disposed downstream
of said inlet and upstream of said outlet;
a gas distribution header disposed 1n said first portion of
said interior for introduction of gas into said first °
portion;
a media bed disposed within said interior and downstream
of said inlet, said media bed comprising both com-
pressible media and incompressible media;
a fluid control mechanism for controlling introduction of 1°
said water via said water distribution header into said
first portion;
a gas control mechanism for controlling said introduction
of said gas via said gas distribution header 1nto said first
portion; and 15
a fluid direction control mechanism for directing said
water, downstream of said retention screen, either
through said outlet or through a wastewater opening,
wherein said method comprises:
during a step of said cleaning cycle, operating said fluid 2¢
control mechanism to introduce said water at a first
water flow rate into said first portion, and operating
said gas control mechanism to introduce said gas at
a first gas flow rate into said first portion;

during a subsequent step of said cleaning cycle, oper- 23
ating said fluid control mechanism to introduce said
water at a second water flow rate into said first
portion, said second water tlow rate being greater
than said first water tlow rate, and operating said gas
control mechanism to introduce none of said gas into 3¢
said first portion such that during at least a portion of
said cleaning cycle, said incompressible media and
said compressible media are stratified into discrete
regions in that a layer of said incompressible media
is disposed above a layer of said compressible media 3>
along said vertical dimension, said subsequent step
being subsequent in time with respect to said step.

15. The method of claim 14, further comprising:

during a proceeding step of said cleaning cycle, operating
said fluid control mechanism to introduce none of said 4
water into said first portion, and operating said gas
control mechanism to introduce none of said gas into
said first portion, said proceeding step being prior in
time with respect to said step.

16. The method of claim 15, wherein said first gas flow
rate 1s less than 1 standard cubic foot per minute per square
foot of surface area (scfm/ft*).

17. The method of claim 16, wherein said first water flow
rate 1s 5 gallons per minute per square foot of surface area
(gpm/ft*), and wherein said second water flow rate is 12.5 50
gallons per minute per square foot of surface area (gpm/ft*).

18. The method of claim 17, wherein a specific gravity of
said compressible media and a specific gravity of said
incompressible media are diflerent by at least 0.02.

12

19. A method of operating a media clarifier during a

cleaning cycle, said media clarifier comprising:

a vessel defining an 1nterior;
a retention screen disposed within and spanning said
interior, wherein said retention screen divides said

interior into a first portion and a second portion,
wherein at least a portion of said second portion 1is
above said first portion along a vertical dimension of
sald media clarifier:;
an 1nlet for introducing water 1nto said first portion of said
interior;
a water distribution header disposed 1n said first portion of
said interior for receiving said water from said inlet;
an outlet for conveying said water out of said vessel,
wherein said retention screen 1s disposed downstream
of said inlet and upstream of said outlet;
a gas distribution header disposed in said first portion of
said 1nterior for introduction of gas into said first
portion;
a media bed disposed within said interior and downstream
of said inlet, said media bed comprising both com-
pressible media and mncompressible media;
a fluid control mechanism for controlling introduction of
said water via said water distribution header into said
first portion; and
a gas control mechanism for controlling said introduction
of said gas via said gas distribution header into said first
portion,
wherein said method comprises:
during a step of said cleaning cycle, operating said tluid
control mechanism to introduce said water at a first
water flow rate into said first portion, and operating
said gas control mechanism to introduce said gas at
a first gas tlow rate into said first portion;

during a subsequent step of said cleaning cycle, oper-
ating said flmd control mechanism to introduce said
water at a second water flow rate into said first
portion, said second water tlow rate being greater
than said first water tlow rate, and operating said gas
control mechanism to mtroduce none of said gas nto
said first portion such that during at least a portion of
said cleaning cycle, said imncompressible media and
said compressible media are stratified 1nto discrete
regions along said vertical dimension, said subse-
quent step being subsequent 1in time with respect to
said step.

20. The method of claim 19, further comprising;

during a proceeding step of said cleaning cycle, operating,
said fluid control mechanism to itroduce none of said
water mnto said first portion, and operating said gas
control mechanism to introduce none of said gas into
said first portion, said proceeding step being prior in
time with respect to said step.
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